The acute waste management problems, coupled with the proliferation of small scale industries in many developing countries, make low quality water treatment before use inevitable in the long run. These industries have the potential to discharge effluent containing chemicals and heavy metals into the environment.
Introduction
The World Health Organisation's (WHO) multiple barrier interventions have been proven to be cost-effective for ensuring the safe use of low quality water for irrigation purposes (Amoah et al., 2007; Drechsel and Seidu, 2011) . In this study, low quality water is used interchangeably with wastewater. It refers to one or a combination of the following: 1) domestic effluent consisting of black water (i.e. excreta, urine and associated sludge) and greywater (i.e. kitchen and bathroom wastewater), 2) effluent from commercial and institutional establishments (e.g. hospitals, restaurants and schools), 3) effluent from industries, and 4) storm water and other urban run-off (Raschid-Sally and Jayakody, 2008) . The multiple barrier interventions comprise both treatment and non-treatment risks reduction options. Conventional low quality water treatment before use is however beyond the means of many developing countries (Keraita et al., 2008; Drechsel and Seidu, 2011; Qadir et al., 2010) . The non-treatment risks reduction interventions are therefore the solutions to the numerous health risks associated with the use of insufficiently-treated low quality water for irrigation purposes Drechsel and Karg, 2013) . These interventions include drip irrigation, simple filtration and simple sedimentation and must be combined with irrigation methods such as reduction in splashing, furrow irrigation and pathogen die-off. The multiple barrier interventions have been found to be effective for the removal of microbial contaminants in low quality water used for irrigation (Amoah et al., 2007; Drechsel and Seidu, 2011) .
been based on a rate of investment of 1.5% of the 2001 gross domestic product (GDP) of these countries. The implication therefore is that investments will have to be scaled-up in order to be capable of treating all the low quality water generated by the various water users. In scaling up investment therefore, users of the reclaimed water, the main ones being farmers, should be willing to and capable of paying for it for irrigation purposes.
Knowledge of farmers' willingness and ability to pay for reclaimed water in the cities in Ghana and the rest of sub Sahara Africa is limited. Available literature on the subject are based on studies conducted in semi-arid countries in the Middle East and North Africa (MENA) (Madi et al., 2003; Al-Ghuraiz and Enshassi, 2005) . The climatic and socio-cultural conditions in MENA are different from SSA. This implies that the factors that affect farmers' willingness to use reclaimed water for irrigation purposes may be different from those in SSA. The need to address this knowledge gap is critical given that an understanding of farmers' willingness and ability to pay for reclaimed water could contribute to the formulation of more targeted, appropriate and effective water reuse policies towards food safety in the long term. The aim of the paper, therefore, is to assess the open space commercial vegetable farmers' willingness and ability to pay for reclaimed water for irrigation purposes in Kumasi.
[ ( F i g . _ 1 ) T D $ F I G ] 1.1. Description of the study area Kumasi (Fig. 1) is the capital of the Ashanti Region in Ghana. The city's current population is estimated to be 2.7 million people. This shows an increase of about 35% of the 2010 population of 2 million people (Ghana Statistical Service, 2012) . A 2008 estimate based a daily water consumption rate of 60 L per capita and a wastewater flow of 80%, revealed that about 76,000 m 3 of low quality water was generated in the city in a day (Ackerson and Awuah, 2012) . This is expected to increase to about 97,000 m 3 in a day in 2015. The city however has only five separate sewerage systems (Dahlman, 2009) . These are able to serve only about 6% of the current population (Snel and Smet, 2006) . The high rate of urbanisation leading to sprawl of settlements and budgetary constraints on the part of the Waste Management Department of the Local Authority, have undermined the efficiency of these low quality water treatment plants (Sinclair, 2010) . Obuobie et al. (2006) had earlier reported that none of the treatment plants meets the designed effluent quality standards. A recent study of the treatment plants at the Kwame Nkrumah University of Science and Technology campus, Ahinsan Estate and Chirapatre Estates revealed that their treatment efficiency is below the Ghana Environmental Protection Agency's standards (Owusu-Ansah et al., 2015) . The implication therefore is that low quality water is rarely treated before it is discharged into the environment Drechsel and Keraita, 2014) .
The area under commercial vegetable farming in the city is estimated to be 59 ha in the dry season but declines to 48 ha in the rainy season . The open-space vegetable farmers (who produce mainly exotic vegetables) in the city rely on the polluted surface water bodies for the supply of water for irrigation. Previous studies found that E. coli concentrations in this irrigation water ranged between 4.5-7.5 log colony forming units (CFU) per et al., 2011; Drechsel et al., 2006; Rojas-Valencia et al., 2011) . Their incomes are therefore higher than the per capita income in Ghana and twice that of farmers in rural areas .
Nevertheless, there are health concerns about the use of untreated low quality water for irrigation purposes. For instance, it has been estimated that about 12,000 Disability-Adjusted Life Years (DALY) are lost in five major cities in Ghana due to the consumption of contaminated vegetables (Seidu et al., 2008) . Several studies have identified that the vegetables produced with untreated low quality water in Kumasi contain higher concentrations of microbial pathogens.
For instance, more than 50% of the lettuce Ackerson and Awuah (2012) sampled from a number of open space vegetable farms in Kumasi contained faecal coliform counts of more than 3.7 log 100 CFU·g −1 fresh weight and mean helminth egg population ranging from 6 to 19 eggs/100 g wet weight.
These results are similar to those of previous studies (Amoah et al., 2005; Amoah et al., 2007) . The farmers in the city have failed to adopt the WHO's non-treatment risks reduction interventions. The institutions responsible for food safety in the city (such as the Metropolitan Agricultural Development Unit and Environmental Health Directorate) also ascribe to water quality standards . This implies that there is the need to adopt strategies to overcome the prohibitive cost of providing wastewater infrastructure in order to reclaim water for irrigation purposes in Kumasi.
Methods

Research design
The study was designed as a cross sectional survey. In this regard, semi-structured interviews were held with 100 open space commercial vegetable farmers in the Kumasi Metropolis in Ghana. The responses obtained from these semi-structured interviews were supplemented with data obtained from four different focus group discussions with four vegetable farmers' associations.
Sampling strategy
The literature provided different accounts of the number of open space commercial vegetable farmers in Kumasi prior to the commencement of this study (i.e. January, 2014). For example, had observed that more than 300 open space commercial vegetable farmers were operating within the city while Darkey et al. (2014) 
where n h is the sample size for site h. N h is the population of vegetable farm owners in site h. N is total number of farmer owners in the 15 sites. n is total sample size (i.e. 100).
The final selection of farmers at each location was done by: 1) writing their names on pieces of paper, 2) dropping the papers in a box, 3) shuffling thoroughly, and 4) hand-picking them until the required numbers were obtained.
Data collection tools and process
Design of the tools for data collection
Three data collection tools were used in this study. They were:
1) semi-structured interview schedules, 2) interview guides and 3) observation checklist.
2.3.1.1. Design of semi-structured interview schedules
These were organised to facilitate the collection of data on the following: 1) farmers' demographic and socioeconomic characteristics, 2) farm characteristics (including types of vegetables cultivated, farm size, annual outputs, sources and volume of water used for irrigation in a year, land tenure arrangements and revenue and expenditure balance), 3) willingness to pay for reclaimed water, and 4) ability to pay for reclaimed water. The semi-structured interview schedules were administered to the selected open space commercial vegetable farmers.
A pre-test of the semi-structured interview schedules was done with 20 vegetable farmers. It was intended to assess their accuracy and completeness as well as have an overview of how the farmers would react to the questions during the interview. It was also intended to have an idea of the time needed to complete an interview.
The results and the farmers who were covered in the pre-test were not included in the final study.
Design of interview guides and observation checklist
The interview guides were structured to collect data on the vegetable farmers' associations' willingness to pay for reclaimed water for irrigation. It was also organised to gather data on the conditions under which these associations would be willing to use reclaimed water for irrigation.
The observation checklist was designed to gather data on: 1) the capacity of the watering cans used for irrigation, 2) the number of cans of water each farmer used during irrigation, 3) the types of vegetables each farmer cultivated and 4) the number of vegetable beds each farmer owned. The rights of each open space commercial vegetable farmer were respected in this study. Each of them was briefed about the purpose of the study. Their consents were sought before the interview commenced. Each farmer was told that s/he reserved the right to decline to be part of the study or redraw his/her consent even after the interview had begun, and that doing so will not attract any penalties or loss of benefits that s/he would otherwise be entitled to.
The contingent valuation method, which proceeds by simply asking respondents the highest amount they are willing to pay for a non-economic good, could have been adopted to determine the farmers' willingness to pay for reclaimed water. The relevance of this approach for policy decisions has however been brought to question since the responses are based on stated rather than observed preferences.
The amount respondents are willing to pay, determined from this approach, is often low and unrealistic (Madi et al., 2003) . To address this limitation, the "contingent valuation method with dichotomous choice responses" was used in this study. The bid prices used in this study have been based on the tariff structure of the Ghana Water Company Limited as at May, 2014. freshwater. This limitation has however been addressed through an analysis of the farmers' ability to pay.
Prior to presenting the questions on willingness to pay, each vegetable farmer was informed that the health risks associated with the use of untreated low quality water could result in total ban on its use for irrigation purposes. At the same time, the economic water scarcity/vulnerability challenge in Ghana (UNESCO (World Water Assessment Programme), 2009; WWAP (United Nations World Water Assessment Programme), 2015) could result in the unavailability of treated freshwater for irrigation. Reclaimed water could then be permitted as an alternative source of water for irrigation purposes. Its supply would be reliable due to urbanisation (Scott et al., 2004) provided local authorities have the required funds for low quality water reclamation. This prelude was necessary because it was anticipated that without that none of the farmers would be willing to pay for reclaimed water for irrigation purposes.
Each vegetable farmer was then asked to indicate his/her willingness to pay.
The first question each of them was asked was "will you be willing to pay for reclaimed water for irrigation" (no or yes)? They were then requested to give reasons for their responses. A farmer who expressed his/her willingness to pay was then asked the following specific questions:
i. will you be willing to pay for reclaimed water at US$0.46/m 3 (equivalent to 2 Ghana Pesewas per 15 litre watering can) (yes or no)?
ii. if yes to 'i', will you be willing to pay if the price is increased to US$0.46/m 3 for a volume (m 3 ) within the first 20 m 3 and then US$0.69/m 3 (equivalent to 3 Ghana Pesewas per 15 litre watering can) for the remaining quantity of reclaimed water used (yes or no)?
iii. if yes to 'ii', will you be willing to pay if the price is increased to US$0.69/m 3 (yes or no)?
iv. if yes to 'iii', will you be willing to pay if the price is increased to US$0.99/m 3 (equivalent to 4.5 Ghana Pesewas per 15 litre watering can) (yes or no)?
v. if yes to 'iv', will you be willing to pay at a price which is more than US$0.99/m 3 (yes or no)?
vi. if you are not willing to pay any of the bid prices, what is the highest amount you are willing to pay?
Conduct of the focus group discussions
The associations that were covered in the focus group discussions were the:
Farmwell Organic Vegetable Farmers' Association, Peace and Love Vegetable
Article No~e00078 Farmers' Association, Frafra Vegetable Farmers' Association and Progressive Vegetable Farmers' Association. Following the work of Manoranjitham and Jacob (2007) , 10 members each of the four associations were selected for separate group discussions. Three of these were purposively selected from the associations' leadership. They were the:chairperson, secretary and treasurer.
The other seven participants were only members of the associations. They were selected by: 1) writing their names on pieces of paper, 2) dropping the papers in a box, 3) shuffling thoroughly, and 4) hand-picking them until the required numbers were obtained.
The participants were asked to respond to the questions in the interview guides.
Their responses were tape-recorded (with their permission) and hand-written. These were played back to them for confirmation after the discussions with each group had ended.
Conduct of the observations
The questions in the observation checklist were answered by the authors by observing the farmers as they went about their activities. This was interspersed with interviews that were meant to minimise the effects of the authors' biases on the results of the observation. Each observation lasted between 15 and 20 min. The results were used to validate the responses obtained from the semi-structured interviews.
Data Analyses
The data were analysed to test if:
i. the probability of a farmer being willing to pay for reclaimed water could be influenced significantly by a number of explanatory variables obtained from their socio-economic and demographic characteristics (Table 2) ;
ii. urban open space commercial vegetable farmers were capable of paying for reclaimed water for irrigation.
Willingness to pay
Willingness to pay was defined as the preparedness (yes/no) of a farmer to pay for reclaimed water for irrigation. "Yes" response to the initial question in section 2.3.2.1 was interpreted as being willing to pay. The bid prices were then presented to every farmer who expressed his/her willingness to pay for reclaimed water. This was to ascertain the highest possible amount s/he was willing to pay. Given that risks reduction measures could be aired on Ghanaian airwaves, it has been hypothesised that TV watching significantly explains farmers' willingness to pay for reclaimed water. This was accepted at p ≤ 0.05.
Continuous 4. Radio listening (in hours per day)
Radio Habit This refers to the number of hours a farmer spent listening to radio programmes in a day. It was hypothesised that farmers' radio listening habit significantly explains their willingness to pay for reclaimed water. This was accepted at p ≤ 0.05.
Continuous
Newspaper reading habit (in hours per day) Newspaper Habit
Newspaper habit refers to the number of hours a farmer devoted to reading newspapers in a day. It was hypothesised that farmers' newspaper reading habit significantly explains their willingness to pay for reclaimed water. This was accepted at p ≤ 0.05.
Continuous
6. Number of years of farming (years) Experience Experience refers to the number of years a farmer has been engaged in vegetable production in the city or elsewhere. Farmers who have been engaged in farming for more years may be willing to pay to sustain their economic activity. It was hypothesised therefore that 'experience' significantly explains the farmers willingness to pay for reclaimed water. This was accepted at p ≤ 0.05.
Continuous 7. Net revenue per capita (US$) Per capita revenue
Per capita revenue has been used as a measure of the wealth derived from vegetable farming. It was hypothesised that per capita revenue is a significant factor which explains the farmers' willingness to pay for reclaimed water. This was accepted at p ≤ 0.05. 11. Highest educational attainment Education This was defined as the highest level of formal education a farmer attained prior to starting the economic activity. It was anticipated that farmers who have higher educational attainments would be know the health benefits of using reclaimed water instead of untreated low quality water. It was therefore hypothesised that formal educational level is a significant factors which explains farmers' willingness to pay for reclaimed water. This was accepted at p ≤ 0.05.
Continuous (Continued)
Categorical (ordinal)
12. Perception about the quality of water used for irrigation Perception This refers to farmers who agreed that the water used for irrigation is harmful to the health of the farmers and consumers. It was hypothesised that farmers' perception is a significant explanatory factors for their willingness to pay for reclaimed water. This was accepted at p ≤ 0.05.
Categorical (dichotomous)
13. Land tenure security Land tenure This refers to the ownership of the land used for vegetable farming. Farmers who have secure land tenure (even in de facto terms) were expected to be willing to pay for reclaimed water. The hypothesis therefore was that land tenure security significantly explains farmers' willingness to pay for reclaimed water. This was accepted at p ≤ 0.05.
14. Source of water for irrigation Irrigation water
The types of water used for irrigation have been categorised into two namely: 1) contaminated and 2) uncontaminated. It was hypothesised that farmers source of irrigation water is a significant predictor of their willingness to pay for reclaimed water for irrigation. This was accepted at p ≤ 0.05. Consumption The vegetable farmers who consumed some of the vegetables they produced were thought to be willing to pay for reclaimed water to sustain their source of food and protect their health. It was therefore hypothesised that 'consumption' is a significant factors which explains the farmers' willingness to pay for reclaimed water. The hypothesis was accepted at p ≤ 0.05.
16. Participation in farm-based multiple barrier interventions field trials / workshops Participation This refers to farmers who have ever participated in risks reduction field trials or workshops. It was hypothesised that participation in field trials or workshops on the health risks associated with untreated low quality water reuse for irrigation is a significant explanatory factors farmers' willingness to pay for reclaimed water. The hypothesis was accepted at p ≤ 0.05.
17. Membership of farmers association Membership It has been hypothesised that membership of vegetable farmers' association is not a significant predictor of farmers' willingness to pay for reclaimed water. This was rejected at p ≤ 0.05.
18. Access to agricultural extension service Agric Extension
It was hypothesised that access to agricultural extension services is a significant explanatory factor for farmers' willingness to pay for reclaimed water for irrigation. The hypothesis was accepted at p ≤ 0.05. The vegetable producing sites were categorised into three groups based on the sub-metropolitan areas they were located. It was hypothesised that farmers' location in the city does not significantly explain their willingness to pay for reclaimed water. The hypothesis was rejected at p ≤ 0.05.
Categorical (ordinal)
The Fisher's Exact test was used to scan for potentially significant explanatory variables from a list of 22 explanatory variables (Table 2) . To run the test, the continuous variables in the list were categorised based on national statistics (Table 3 ). The variables with p-values of ≤ 0.25 after the Fisher's test were deemed to have the potential of significantly influencing the farmers' willingness to pay. These were then analysed in a multivariable logistic regression model using the backward elimination method. It was meant to control for potential confounding effects among the variables. After the multivariable analyses, the variables that had p-values ≤0.05 were deemed to have significant effects on the farmers' willingness to pay for reclaimed water.
They were then subjected to multi-collinearity test. A variance inflation factor (VIF) value of 3 or more implied the presence of collinearity among the explanatory variables. The odd ratio (OR) and relative risk (RR) for each explanatory variable, which significantly explained the farmers' willingness to pay for reclaimed water, was calculated using EPI Info 7 (Centres for Diseases
Control and Prevention).
To validate the results, all the 22 explanatory variables (both continuous and categorical) were analysed together in a multi-variable logistic regression.
Variables with p-values ≤ 0.05 after this analysis were deemed to have significant effects on willingness to pay. These variables were subjected to multi-collinearity test (as explained earlier in the text).
The 22 explanatory variables were also analysed using ordinal logistic regression with proportional odds to determine the amount the farmers were willing to pay. The outcome variable was "amount farmers were willing to pay" with the following categories: 1) no (i.e. not willing to pay any amount), with p-values ≤ 0.05, after the analysis, were deemed to significantly explain the probability that a farmer was willing to pay higher amounts for reclaimed water. Prior to performing this analysis, the variables were subjected to multi-collinearity test. Those with VIF of 3 or more were deemed to have multi-collinearity issues. As the results will show, one of such variables was eliminated from the model.The final model was tested for proportional odds (significant if p-value > 0.05) and Goodness-of-Fit (significant if p-value > 0.05).
Ability to pay for reclaimed water
Farmers' ability to pay was assessed by following these sequential steps: 1) estimating the volume (cubic metres) and quantifying the value (US$) of water used for irrigation per annum, 2) estimating the annual gross revenue obtained from vegetable farming, and 3) applying the threshold/benchmark (i.e. the Article No~e00078 expenditure on irrigation water at each bid price should not exceed 5% of the gross revenue) for measuring ability to pay (Al-Ghuraiz and Enshassi, 2005).
Estimation of the volume of water used for irrigation per annum
The volume of water used for irrigation (VW) was calculated from Eq. (2).
where VW is the Volume (m 3 ) of Water used for irrigation per annum. C is the Capacity of the watering can (mainly 15 litres). NC is the Number of Cans of water used for irrigation in a day. NID is the Number of Irrigation Days in a year (assumed to be 239 non-rainfall days].
Eq. (3) was then used to estimate the expenditure each open space commercial vegetable farmer would incur on reclaimed water at the various bid prices.
Where Exp is the total Expenditure (US$) to be incurred on reclaimed water.
) is the Volume of Water used for irrigation per annum. BP is the Bid Price (ranging from US$0.46, through US$0.69/m 3 to 0.99 per m 3 ).
Estimation of annual gross revenue
Eq. (4) was used to estimate each farmer's annual gross revenue.
where GR is the Gross Revenue (US$) per farmer per year. P fg is the Farm-gate Price (US$) of each type of vegetable cultivated by the farmers. O i-k is the Total Output of each type of vegetable i -k produced by the farmer.
Assessment of farmers' ability to pay for reclaimed water
Ability to pay was defined as the maximum share of annual gross revenue that each farmer would be able to spend on reclaimed water without compromising his/her ability to afford other essential goods and services required to sustain his/her farm and family. A benchmark of 5% of total annual gross revenue was used (see: Al-Ghuraiz and Enshassi, 2005) . This means that a farmer is deemed to be capable of paying for reclaimed water if the total expenditure on irrigation water based on the various prices in a year would not exceed 5% of his/her gross revenue for that year. This is expressed as:
where VW is the Volume (m 3 ) of Water used for irrigation per annum. P w is the Price per cubic metre. GR is the annual Gross Revenue (US$) of a farmer. 0.05 is the threshold (ranging from US$0.46, through US$0.69/m 3 to 0.99 per m 3 ).
Estimation of net-revenue
The items that were considered for the estimation of the total cost of production were adopted from the work of Nemes (2009) and shown in Table 4 .
where GR is the annual Gross Revenue (U$) of a farmer. TFC is the Total
Fixed Cost (US$). TVR is the Total Variable Cost (US$).
3. Results and discussion
Description of the vegetable farmers
Out of the 100 vegetable farmers that were contacted, 98 were willing to be part of the study. Their demographic and socio-economic (Table 5 and Table 6) were similar to those of earlier studies (Owusu et al., 2012; Drechsel et al., 2006) . They have been engaged in vegetable farming for approximately 10 years. Most of them have the habit of listening to radio programmes while working on the farms in the day time and watching television programmes after work. These programmes were telecast in vernacular and therefore served as sources of information and entertainment. In contrast to the results of previous studies (Amoah et al., 2007; Drechsel and Keraita, 2014) , most of these farmers (at least nine out of every 10) consumed part of the produce although their business was not to produce the crops for subsistence. Rice has become a major food staple for these urban vegetable farmers. Theyused some of the vegetables to prepare sauces and sometimes salad to supplement it.
Only three out of every 10 vegetable farmers were members of farmers' associations (Table 6 ). This could explain their limited access (48%) to agricultural extension services. This is because the vegetable farmers' associations have often been used by the Agricultural Extension Agents to mobilise the farmers for interaction. More than 71% of them had never participated in field trials or workshops organised to create awareness of the farm-based health risks reduction interventions.
Description of the farms
Lettuce (lactuca sativa), spring onions (allium cepa) and cabbage (brassica oleracea) were the dominant vegetables cultivated by the open space commercial vegetable farmers covered in the current study (Table 7) . Amoah et al. (2007) attribute this dominance to the high demand for them by the booming fast-food enterprises in the cities in Ghana. Drechsel and Keraita (2014) also found that the lack of cold storage and inefficient transportation systems that connect the rural areas to urban areas in Ghana have made it risky to cultivate these perishable vegetables in the rural areas. Land tenure insecurity has been a challenge to the sustenance of the open space commercial vegetable farms covered in the present study. Majority (approximately 70%) of the farmers were occupying public/government lands.
Twelve percent were free-occupants while 6% each were renting and taking care (care-takers) of other people's lands. Only 3% owned their lands.
Agricultural land use's inability to compete for space against residential, industrial and commercial land uses in the cities [as exemplified in the bid-rent theory] (Alonso, 1960; Erickson et al., 2011) could be a plausible explanation for the land tenure security challenges. For instance, a plot size averaging 0.13 acres (equivalent to 520 square metres) in Kumasi was leased between US $7,500 (in the periphery) and US$125,000 (in the city centre) in 2011 (Land Valuation Division, 2011 cited in Hammond, 2011 . Amponsah et al. (2015) demonstrate that an urban commercial vegetable farmer would need not less than 18 years to acquire a plot of this size at the periphery if s/he is to save his/her entire income from farming. City authorities have also failed to make provisions for agriculture in the city's land use plans (Fig. 3) despite the support policies (such as the Food and Agricultural Sector Development policy 2 and Urban Policy) give to crop farming in the cities in Ghana. Consequently, vegetable farming in the city has been confined to marginal lands along surface water bodies (Fig. 4) . These lands have been zoned as open spaces because they are deemed unsuitable for residential, commercial and industrial development in their present state.
3.3.
Assessment of the open space urban commercial vegetable farmers' willingness to pay for reclaimed water for irrigation
Results of the cross-sectional survey
The results show that three out of every five open space commercial vegetable farmers covered in this study were willing to pay for reclaimed water for irrigation. Almost 30% of these farmers were willing to pay the highest price of US$0.99/m 3 (Fig. 5) . The reasons for their willingness to pay include: 1) to Lettuce (Lactuca sativa) 6 8 6 9
Spring onion (Allium cepa) 6 7 6 8 Carrots 1 1
Green pepper 1 1 sustain their jobs (73%), 2) to safeguard their health and that of consumers (41%) and 3) to obtain the public's total acceptance for their produce (53%).
These reasons appear to be consistent with those of earlier studies that identified that two out of every three open space vegetable farmers in Accra have no intentions of leaving the job even if they were offered salaried jobs Obuobie et al., 2006) . The main reason why almost 35% of the farmers were unwilling to pay was their perception that buying reclaimed water for irrigation would increase the cost of production while consumers may not be willing to pay more for their produce.
Results of the focus group discussion with the vegetable farmers' associations
All the four vegetable farmers' associations were willing to pay for reclaimed water for irrigation purposes. This is confirmation of the results obtained from the cross-sectional survey. The Farmwell Vegetable Growers' Association remarked that: "this is our occupation. So we are prepared to do everything within our means to protect it". The Progressive Vegetable Farmers' Association also opined that "our safety is paramount. So if reclamation will protect our health and that of our consumers in order to not be kicked out of our jobs, then we are willing to pay".
It emerged from the group discussions however that the conditions for willingness to pay were land tenure security and guaranteed/ready market for the produce.
Land tenure security as a condition for farmers' willingness to invest is consistent with Henando de Soto's land titling ideology. de Soto argues that people will be willing to invest in their lands if they have security of tenure (Gilbert, 2002 analysed further in a multivariable logistic regression using the backward elimination method, "perception" was the only one that could significantly explain (p-value = 0.01) the open space commercial vegetable farmers' willingness to pay for reclaimed water for irrigation (Table 9 ).
3.3.4. Using multivariable logistic regression to identify the variables that could significantly explain the farmers' willingness to pay
The results of the analysis of all the 22 explanatory variables provide a confirmation that "perception" was the only variable that could significantly explain (p-value = 0.01) open space commercial vegetable farmers' willing to pay for reclaimed water (Supplementary Table S1 ). The results show that the odds of being willing to pay for reclaimed water was 123 times (95C.I. 7 to 2,030) higher if a farmer agreed that the current source of water for irrigation is harmful to his/her health. The model satisfies the proportional odds assumption (Chi-square = 181.79, df = 63 and p-value = 0.20).
The Goodness-of-Fit test (Pearson Chi-square = 360.84, df = 367 and p-value = 0.58) also show that the model is adequate while the model-fittinginformation (-2 Log Likelihood = 254.09, Chi-square = 38.36 and p-value = 0.01) implies that the model fits the data well. The Pseudo R-Square (Nagelkerke = 0.34) show that the model is able to explain 34% of the variance in the "amount farmers were willing to pay".
The result of the cumulative odds ordinal logistic regression is consistent with that of the Fisher's test and the logistic regression analyses. They show that the farmers who agreed that the water they used for irrigation posed some health risks to them and consumers are willing to pay for reclaimed water for irrigation purposes. The RR presented earlier in Table 8 therefore implies that farmers who agreed that the irrigation water was harmful were 5.3 times more likely to be willing to pay than that of those who did not.
3.4. Farmers' ability to pay for reclaimed water 3.4.1. Estimated annual gross revenue, total expenditure and net revenues
The results (Table 10) show that the median annual net-revenue was US $2,784.00 per annum and median annual per capita revenue was US$1,000. These have not been standardised according to the farm size. The per capita net revenue is higher than the upper poverty line of US$735 per annum per person used in Ghana. The result is also consistent with those of earlier studies that identified that urban open space commercial vegetable farmers' earnings were higher than the annual national incomes per capita in cities such as Nairobi in Kenya, Dakar in Senegal, Hyderabad in India and Guanajuato in Mexico (Ensink et al., 2004; Buechler and Devi, 2005; Scott et al., 2000; Drechsel et al., 2006) .
Ability to pay
Analyses of the data revealed that the median annual volume of water used for irrigation by the farmers was 398 m 3 (minimum = 93 m ). In this regard, the farmers' expected expenditure on reclaimed water will increase in line with the bid prices. The analysis shows that ability to pay is highest at US$0.46/m 3 ( Fig. 6a) but declines significantly when the prices were increased to US$0.69/m 3 ( Fig. 6b) and US$0.99/m 3 (Fig. 6c) . Only half (50%) of the sampled vegetable farmers would be capable of paying for reclaimed water if a volume was sold at US$0.46. This then declined to 16% and 7% when the prices were increased to US$0.69/m 3 and US$0.99/m 3 respectively. The results suggest that none of the bid prices was affordable to all the open space commercial vegetable farmers covered in this study. In sum, despite their willingness to pay for reclaimed water for irrigation purposes, the analysis show that they could not afford if it would be priced based on the current treated water charges.
3.4.3. Possible options that could be adopted to enhance the farmers' ability to pay
Two options that could facilitate the farmers' ability to pay for reclaimed water have been assessed in this present study. They are: 1) adopting a price that is affordable to all the farmers or 2) reducing the volume of water used for irrigation.
[ ( F i g . _ 7 ) T D $ F I G ] , the levels of reduction increased to 3-84 percent and 5-89 percent respectively. The proportion of farmers who would have to reduce the volume of water they used for irrigation was directly proportional to the bid prices (Fig. 8) . This has implications for the adoption of water-use efficient technologies such as drip irrigation that is known to have about 90% field application efficiency (Brouwer et al., 1989; Gadanakis et al., 2015) . The available drip kits in Ghana however do not support higher crop density (Amoah et al., 2011; Abaidoo et al., 2009) Article No~e00078 (Amoah et al., 2011) . The limited crop density, additional cost implications and land tenure insecurity could undermine the adoption of drip irrigation in open space commercial vegetable farming in Kumasi.
Conclusion
This paper provides evidence to show that open space commercial vegetable farmers in Kumasi were willing to pay for reclaimed water for irrigation purposes. It provides further evidence to show that farmers who agree that the water they use for irrigation is harmful to their health are more likely to be willing to pay for reclaimed water for irrigation. Willingness to pay is however conditioned by land tenure security. Pricing reclaimed water at US $0.11/m 3 would be affordable to all the open space commercial vegetable farmers.
The results, although specific to the Kumasi, reflect the dynamics of low quality water reuse in many cities in low income countries. The conclusions may likely have significant policy implications not only for Kumasi but also the other cities in low income countries where the water reuse dynamics are similar.
Recommendations
We recommend that the Ministry of Food and Agriculture should use financial incentives combined with land tenure security to encourage farmers to use reclaimed water for irrigation. Reclaimed water could be priced at US$0.11/m 3 whereas the lands along the surface water bodies could be zoned for crop farming purposes. The Ministries of Food and Agriculture, Local Government and Rural Development and Lands and Natural Resources should therefore collaborate to properly acquire these lands for open space commercial vegetable farming purposes. A buffer of between 10 to 20 meters radius from the streams should be maintained in order to protect the streams.
The farmers should be encouraged to use drip irrigation that can be combined with agronomic practices such as mulching. This implies that the Ministry of Food and Agriculture should facilitate the readjustments of the available drip kits in Ghana to make them suitable for use on higher density vegetable beds.
The Ministry could facilitate the establishment of farmer field schools that can be used as media to sensitise the farmers on the health risks associated with the low quality water used for irrigation. This could encourage them to be willing to accept reclaimed water for irrigation purposes.
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